«t^«O0UC20  AT'GOVtRNMENT  EXPENSE 


AD-A229  771 


nLL 

CUF 

r  1 

Unclassified 


i»  S£Cu«iTt  C-AiiitiCAT)ON  AjTn 


2b  0£C^Si»iCATOn ;  OowngRAO' 


4  4EK^OKMiNG  OMCANiZATiON  U^OKT  NC^£R!S) 
Technical  Report  No.  38 


fOCUMENTATlON  PAGE  * 

’iSB^n^iTTirTxicnwr’MATriNGr 


3  OlST*l*^TlON  /  AVAlLAIiLifV  Of  4£»0«' 

Available  for  distribution 
Distribution  unlimited 


S  MOMTOKlNG  ORGANlZAriON  KE^OKT  NuVBE^.S/ 


fct  NAME  Of  eERfOAMlNG  organization  Sfi  O^^CE  ETMIOL  7a  NAME  0£  MONiTORiNG  ORGANIZATION 
Case  Western  Reserve  Unlv.  I  ONR 


fc.  address  (Ctt.  State,  and  ZieCodeJ 

20^0  Adeibert  Road 
Cleveland,  OH  4A106 


ta  NAME  Of  tu'NDiNG  /  SPONSORING 

organization 
ON  R 


$c  ADDRESS  fOry.  Stare,  and  ZfRCode) 
Office  of  Naval  Research 


7b  ADDRESS  (Gry.  State,  sr^  ZfPCoOeJ 
Office  of  Naval  Research 
Arlington,  VA  22217 


8B  Off'CE  STMBCl  I  9  procurement  INSTRUMENT  IDENTiPiCATiON  NUMBER 

(tf  app/irab^e)  I 


’0  SOURCE  Ot  ‘UND'NC  NUMBERS 


PROGRAM  PROJECT  Task 

Element  no  no  no 

NOOOlA-89  J-1828  A13c02A 


800  N .  Quincy 

Arlington,  VA  22217  _ 


n  titlE  (inciuot  Seewnry  OaaiScationj  Molecular  Engineering  of  Liquid  Crystal  Polymers  by  Living  Polymenzation. 
Influence  of  Copolymer  Composition  on  the  Phase  Behavior  of  Poly(ll-((4-Cyano-4’- 
biphenyl)oxy]undecanvl  Vinyl  Ether-co-2-[(4-Cy  ano-4'-biphenvl)oxv]ethvl  Vinvl  Ether! 


12  personal  auTmoR(S) 

Virgil  Percec  and  Myongsoo  Lee  _ 


IJb  Time  covered  14  date  OR  REPORT  rrear  MnnrN.  Day;  h  5  PAGE  COuNT 

RROM _ TO _  October  16  ,  1990  1 


WO«R  UN‘T 
ACCESSION  NO 


13a  TYPE  Of  REPORT 

r  in  t 


16  Supplementary  notation 


Polymer  Bulletin 


>8  SUBJECT  TERMS  (Continue  on  rrnprse  if  necenary  and  Entity  by  b<0<»  numae' 


19  Abstract  (Contmw*  on  ppeene  if  nocpoary  and  ^nety  by  b^ect  numttr) 

This  paper  describes  the  synthesis  of  poly  { n-(4-cyano-4’-biphcnyl)oxy]undecanyl  vinyl  eihcr- 
co-2-[(4-cyano-4'-biphenyl)oxy]ethyl  vinyl  ether)  A/B  { poly[(6cJ_LI-co-(fijLl3] A/B )  where  .A.'B  reters 
to  the  molar  ratio  between  the  monomers  6-11  and  6-2 ,  with  number  average  molecular  weighis 

above  15,  by  living  cationic  polymerization.  The  phase  behavior  of  the  resulting  copoUmers  v-as 
discussed  as  a  function  of  copolymer  composition.  Within  this  range  of  molecular  weights,  m  the 

first  heating  scan  po!y(i_lJJ  exhibits  a  melting  and  an  enaniiotropic  sa  phase,  while  pol>  i  an 

inverse  sc  phase.  In  the  second  and  subsequent  heating  scans  poiyfb- 1  1_)  displays  an  enantiotropic 
sx  (unidentified  smectic  phase)  and  a  sa  mesophase,  while  poly(6-2)  only  a  glass  transition 
temperature.  Depending  on  composition,  poly  1(6-  .1  1  -  co-6-2)1A/B  either  display  an  enantiotropic 

nematic,  enantiotropic  sa  ot  both  enantiotropic  nematic  and  anantiotropic  sa  phases. 


21  AiSTlua  security  CLASSiRtCATON 
unclbsslf i*  d / unlimited 


M  OrtTRlIunON/AVAiLASlUTY  OR  AISTRACT 
QuNCLASS>R€OA2NLIMrrCO  □  SAME  AS  RTT  OorKUSIRS 


Ub  NAME  OR  RESRONSJSU  MOIVlOUAl.  |22b  TIlERhONI  (bvMt  A«*  Cbdt;  1 22t.  OffiU  SYMiOc 

Virgil  Percec _ I  (216)  368-42A2  _ I 


IMS  POIIM  1471. AB  k4A«  4)  Mftion  m»f  fee  yiee  until  eanAunee  tECuRiTY  QASSiBiCAriON  qe  this  rac 

AM  Odier  eeibam  Are  . . 


OFnCE  OF  NAVAL  RESEARCH 


Contract  N00014-90-J1828 
R&T  Code413c024 


Technical  Repon  No.  38 


Molecular  Engineering  of  Liquid  Crystal  Polymers  by  Living 
Polymerization.  7.  Influence  of  Copolymer  Composition  on  the  Phase 
Behavior  of  Poly  ( 1  l-[(4-Cyano-4'-biphenyl)oxy]undecanyl  Vinyl  Ether- 
co-2-[(4-Cyano-4'-biphenyl)oxy]ethyl  Vinyl  Ether) 


V.  Percec  and  M.  Lee 
Department  of  Macromolecular  Science 
Case  Western  Reserve  University 
Cleveland,  OH  44106-2699  ' 


Accepted  for  Publication 
in 

Polymer  Bulletin 
October  16,  1990 

Reproduction  in- whole  or  in  part  is  permitted  for  any  purpose  of  the 
United  States  Government 

This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


Molecular  Engineering  of  Liquid  Crystal  Polymers  by  Living  Polymerization.  7. 
Influence  of  Copolymer  Composition  on  the  Phase  Behavior  of  Poly{l1-[(4- 
Cyano-4'-biphenyl)oxy]undecanyl  Vinyl  Ether-co-2-((4-Cyano-4’- 
biphenyl)oxy|ethyl  Vinyl  Ether} 


V.  Percec*  and  M.  Lee 
Department  of  Macromolecular  Science 
Case  Western  Reserve  University 
Cleveland.  OH  44106 


Author  to  whom  all  correspondence  should  be  addressed. 


/ 


/ 


SUMMARY 

This  paper  describes  the  synthesis  of  poly{l  1 -{4-cyano-4'- 
biphenyOoxyJundecanyl  vinyl  ether-co-2-((4-cyano-4'-biphenyl)oxy]ethyl  vinyl 
ether}  A/B  {poly({£:_Lll-co-{Li2JlA/B}  where  A/B  refers  to  the  molar  ratio 
between  the  monomers  6-11  and  6-2.  with  number  average  molecular  weights  above 
15,  by  living  cationic  polymerization.  The  phase  behavior  of  the  resulting  copolymers 
was  discussed  as  a  function  of  copolymer  composition.  Within  this  range  of  molecular 
weights,  in  the  first  heating  scan  Doly(6-111  exhibits  a  r^^ing  and  an  enantiotropic  sa 
phase,  while  polv/6-21  an  inverse  sc  phase,  in  the  secon^  ^nd  subsequent  heating  scans 
pQly(6-l  1 )  displays  an  enantiotropic  sx  (unidentififed  \mectic  phase)  and  a  sa 
mesophase,  while  poly(£i^  only  a  glass  transition  temperature.  Depending  on 
composition,  polyff6-i  1  •cq-6-2)1A/B  either  display  an  enantiotropic  nematic, 
enantiotropic  sa  or  both  enantiotropic  nematic  and  anantiotropio  sa  phases. 

INTRODUCTION  I  ’’  , 

Previous  papers  from  this  series  and  from  other  labora\ories  demonstrated  that 
group  transfer  polymerization  of  mesogenic  methacrylates^  and  cationic  polymerization 
of  mesogenic  vinyl  ethers^-^  can  be  performed  under  living  polymerization  conditions. 
For  the  cationic  polymerization  of  vinyl  ethers,  Lenz's  group  uses  the  HI/I2  initiating 

system  which  requires  low  polymerization  temperatures  and  nonpolar  solvents^,  while 
we  use  the  initiating  system  CF3S03H/(CH3}2S  which  can  induce  living  polymerization 
in  polar  solvents  like  CH2CI2  and  at  0°C.^  The  first  series  of  experiments  performed  by 
both  research  groups  are  attempting  to  elucidate  the  dependence  between  the  polymer 
molecular  weight  and  phase  behavior.^ We  also  have  reported  the  first  series  of 
quantitative  experiments  on  the  influence  of  copolymer  composition  on  the  phase 
behavior  of  a  copolymer  synthesized  from  two  different  mesogenic  vinyl  ethers.^  The 
goal  of  this  paper  is  to  describe  the  influence  of  copolymer  composition  on  the  phase 
behavior  of  poly{1  l-[(4-cyano-4'-biphenyl)oxy}undecanyl  vinyl  ether-co-2-[(4- 
cyano-4'-biphenyl)oxy}ethyl  vinyl  ether}  with  molecular  weights  higher  than  the 
molecular  weight  below  which  phase  transitions  are  molecular  weight  dependent. 

EXPERIMENTAL 

Scheme  I  outlines  the  synthesis  of  the  poty[(fiJJJ-co-(fi:2J]A/B. 

Materials 

2-[(4-Cyano-4‘-biphenyt)oxy]ethyi  vinyl  ether  16-2)^  and  1 1-I(4-cyano-4'- 
biphenyl)oxy]undecanyl  vinyl  ether  (6-1 1)2  of  purities  higher  than  99.9%  were 
synthesized  as  described  previously.  Methyl  sulfide  (anhydrous.  99%.  Aldrich)  was 
refluxed  over  9-borabicycio{3.3.1]nonane  (crystalline,  98%,  Aldrich)  and  then 
distilled  under  argon.  Oichloromethane  (99.6%,  Aldrich)  used  as  polymerization  solvent 


was  first  washed  with  concentrated  sulfuric  acid,  then  with  water,  dried  over  magnesium 
sulfate,  refluxed  over  calcium  hydride  and  freshly  distilled  under  argon  before  each  use. 
Trifluoromethane  sulfonic  acid  (triflic  acid,  98%,  Aldrich)  was  distilled  under  vacuum. 


CH2=ai  CH2=ai  1)  CF3SO3H,  (013)2$  H-(ai2-<pD,-(CH2-CH)y-OCH3 


Scheme  1 

Synthesis  of  poly({fiill)-co-(fi;2)]A/B 


Techniques 

^H-NMR  (200  MHz)  spectra  were  recorded  on  a  Varian  XL-200  spectrometer.  TMS 
was  used  as  internal  standard.  A  Perkin  Elmer  DSC-4  differential  scanning  calorimeter, 
equipped  with  a  TAOS  3600  data  station,  was  used  to  determine  the  thermal  transitions 
which  were  reported  as  the  maxima  and  minima  of  their  endothermic  or  exothermic 
peaks  respectively.  In  all  cases,  heating  and  cooling  rates  were  20°C/min  unless 
otherwise  specified.  Glass  transition  temperatures  (Tg)  were  read  at  the  middle  of  the 
change  in  the  heat  capacity.  First  heating  scans  differ  from  second  and  subsequent  heating 
scans.  However,  second  and  subsequent  heating  scans  are  identical.  The  first  heating  scans 
can  be  reobtained  after  proper  annealing  of  the  polymer  sample.  A  Carl-Zeiss  optical 
polarized  microscope  (magnification  100X)  equipped  with  a  Mettler  FP  82  hot  stage  and 
a  Mettler  FP  800  central  processor  was  used  to  observe  the  thermal  transitions  and  to 
analyze  the  anisotropic  texture.  Molecular  weights  were  determined  by  gel  permeation 
chromatography  (GPC)  with  a  Perkin  Elmer  Series  10  LC  instrument  equipped  with  LC- 
100  column  oven,  LC-600  autosampler  and  a  Nelson  Analytical  900  series  integrator 
data  station.  The  measurements  were  made  at  40°C  using  the  UV  detector.  A  Perkin  Elmer 
PL  gel  columns  of  10^  and  500  A  with  CHCla  as  solvent  (Iml/min)  and  a  calibration  plot 
constructed  with  polystyrene  standards  was  used  to  determine  the  molecular  weights. 
High  pressure  chromatography  experiments  were  performed  with  the  same  instrument. 
Cationic  Dotvmerizations 

Cationic  polymerizations  were  performed  in  glass  flasks  equipped  with  teflon 
stopcocks  and  rubber  septa  under  argon  atmosphere  at  0°C  for  1  hr.  Ail  glassware  was 
dried  overnight  at  130°C.  The  monomer  was  further  dried  under  vacuum  overnight  in  the 
polymerization  flask.  Then  the  flask  was  filled  with  argon,  cooled  to  0°C,  and  the 
methylene  chloride,  dimethyl  sulfide  and  triflic  acid  were  added  via  a  syringe.  The 
monomer  concentration  was  about  10  wt%  of  the  volume  of  solvent  and  the  dimethyl 
sulfide  concentration  was  10  times  larger  than  that  of  the  initiator.  The  polymer 
molecular  weight  was  controlled  by  the  (M]o/(llo  ratio.  At  the  end  of  the  polymerization 
the  reaction  mixture  was  predpitated  into  methanol  containing  few  drops  of  NH4OH.  The 
filtered  polymers  were  dried  and  reprecipitated  from  methylene  chloride  solution  into 
methanol  until  GPC  curves  showed  no  traces  of  unreacted  monomer.  Table  I  summarizes 
the  polymerization  results.  Although  the  polymer  yields  are  lower  than  expected  due  to 


CMINI 


losses  during  the  purification  process,  the  conversions  were  almost  quantitative  in  all 
cases. 

RESULTS  AND  DISCUSSION 

The  influence  of  molecular  weight  on  the  phase  transitions  of  doIv(6-i  i '  was 
reported  in  a  previous  publication.^  in  the  first  heating  scan  doIv(6-i  1 )  exhibits  a 
melting  transition  followed  by  an  enantiotropic  sa  mesophase.  In  the  second  heating  scan 
Dolvt6-l  1 )  with  degrees  of  polymerization  lower  than  3  exhibit  a  melting  and  an 
enantiotropic  sa  mesophase.  Polymers  with  degrees  of  polymerization  between  4  and  15 
exhibit  only  the  enantiotropic  sa  mesophase,  while  those  with  degrees  of  polymerization 
higher  than  20  an  enantiotropic  sx  (unidentified  smectic  phase)  and  an  enantiotropic  sa 
mesophase.  The  phase  transitions  of  poly(£J_U  with  degrees  of  polymerization  higher 
than  15  are  almost  molecular  weight  independent.  The  influence  of  molecular  weight  on 
the  phase  behavior  of  polyfg^  was  investigated  by  Sagane  and  Lenz^*^  and 
reinvestigated  by  us.®  Poly(6-21  with  degrees  of  polymerization  higher  than  6  exhibit 
an  inverse  monotropic  sc  phase  only  in  the  first  heating  scan.^'^-®  In  the  second  heating 
scan  they  exhibit  only  a  glass  transition  temperature.  Therefore,  in  order  to  avoid  the 
complication  of  the  phase  behavior  due  to  the  polymer  molecular  weight,  we  decided  to 
investigate  polvff6-1 1  )-co-(6-2)l  with  degrees  of  polymerization  higher  than  15. 
The  synthesis  of  this  copolymer  is  illustrated  in  Scheme  i.  Table  I  summarizes  the 
polymerization  and  copoiymerization  conditions,  the  molecular  weights  and  the 
compositions  of  the  resulting  copolymers. 


nnure  la:  Ftrst  heating  DSC  scans  of  Fioure  1b:  Second  heating  DSC  scans  of 

polyl(fiJJL)-co-(fii2)lAm.  polyl(fiiiD-co-(LLi)lA/B. 


Tabto  I.  Cationic  Polymerization  of  6-11  with  (polymerization  temperature,  O'^C;  polymerization  solvent,  CH2CI2; 

iM)o-{fi:JJ.4^g^-0.255-0.377M;  (M|a/(l|a''20;  |(CH3)2S)a/|i)o-IO; polymerization  time,  Ihr)  and  Characterization 
of  the  Reaulting  Copolymera. 
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Figure  la,  b,  c  present  the  first  and 
second  heating  and  respectively  the  first 
cooling  DSC  scans  of  poly((fi:ilD-co- 
I6-2HA/B  where  A/B  refers  to  the 
mole  ratio  between  the  6-11  and 
monomeric  structural  units  in 
copolymer.  In  the  first  heating  scan 
polv(6-2)  and  poly((fi;JJJ-co-(ii 
2J]1/9  display  an  inverse  monotropic 
sc  mesophase  (Figures  la.c).  Poly({fii 
J_L)-co-(fii2j]  with  A/B-2/8  and  3/7 
exhibit  in  the  first  heating  scan  an 
inverse  monotropic  sc  phase  and  an 
enantiotropic  nematic  phase.  In  the 
second  heating  scan  these  copolymers 
exhibit  only  the  enantiotropic  nematic 
mesophase.  Poly[{fiillj-co-(&i 
^]4/6  presents  the  most  interesting 
behavior.  In  the  first  heating  scan  it 
displays  the  inverse  monotropic  sc  and 
enantiotropic  sa  and  nematic 
mesophases,  while  in  the  second  heating 
scan  only  the  last  two  phases.  Regardless 
of  the  DSC  heating  scan.  poly((£ilD- 
CO-(fLJJI  with  A/B -5/5  to  8/2 
exhibit  an  enantiotropic  sa  mesophase. 
Polyl(fiill}-co-(fiL2J19/1  displays 
a  crystalline  melting  only  in  the  first 


Haure  1c:  Cooling  DSC  scans  of 
poly((fi^-co-(fi^IA/B. 


Figure  2a:  Thermal  transition  temperatures 
of  poly((fiJJJ-co-(fii;i)lA/B.  Data  from 
first  DSC  heating  scans. 
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Figure  2b:  Thermal  transition  temperatures 
of  poly[(fiilD-co-(fii2)]A/B.  Data  from 
second  DSC  heating  scans. 


heating  scan  and  an  enantiotropic  sa 
phase  in  all  other  DSC  scans,  while 
Dolv(6-11t  behaves  as  described  in  the 

previous  publication^  and  briefly 
recapitulated  at  the  begining  of  this 
paper. 

The  thermal  transition  temperatures 
and  their  corresponding  thermodynamic 
parameters  are  summarized  in  Table  I. 
The  thermal  transition  temperatures 
collected  from  the  first  heating  scan  are 
plotted  in  Figure  2a,  those  from  second 
heating  scan  in  Figure  2c.  Glass 
transition  (emperatures  are  also  plotted 
in  these  figures.  The  enthalpy  changes 
associated  with  these  transitions  are 
plotted  in  Figure  3. 


■fidi 


Figure  2c:  Thermal  transition  temperatures 
of  poly((fiiiD-co-(£i2}]A/B.  Data  from 
cooling  DSC  scans. 


Figure  3:  AH  of  isotropization  of 
poly({fiJ_U-co-(fi^]A/B  copolymers 
o  -aH  (first  heating  scan), 

□  -AH  (second  heating  scan), 

^  -aH  (cooling  scan). 


The  phase  behavior  of  poly((fi:lD-co-(&i2)]A/B  demonstrates  the  capability  to 
molecular  engineer  the  phase  behavior  of  side  chain  liquid  crystalline  polymers  by 
copolymerization  The  most  interesting  result  refers  to  the  ability  to  tailer  make 
noncrystallizabte  copolymers  exhibiting  either  enantiotropic  nematic  or  sa  mesophases 
or  both  enantiotropic  sa  and  nematic  mesophases. 
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